The m echanism s involved in th e th e rm a l decom position of aldehydes a n d ketones are varied, a n d th e relations betw een th em som ew hat com plex. In p articu lar, an in teresting c o n tra st in behaviour has recently been found betw een benzaldehyde an d acetaldehyde. An investigation of acetophenone has therefore been m ade for com parison w ith acetone.
The th erm al decom position of acetophenone tak es place pred o m in an tly b y th e step C6H 5COCH3 = Gi6H 5CH3 + CO, th e toluene undergoing a subse q u en t decom position to give chiefly benzene, m ethane an d carbon. I t differs from th a t of acetone in yielding h a rd ly an y ketene. I t is hom ogeneous an d nearly of th e first order, w ith no sh arp falling off in ra te a t 20 m m . T here is no re ta rd a tio n b y nitric oxide or b y g reatly increased surface, n o r can an increased ra te of decom position be induced b y th e presence of radicals from decom posing diethyl ether. This is ta k e n as evidence for th e absence of reaction chains. I n th is respect th e behaviour resem bles th a t o f acetone, b u t o th er differences in kinetics exist. These are briefly discussed.
• I ntroduction
The homogeneous thermal decompositions of aldehydes and ketones appear to be of two types. One, generally accepted to depend upon a chain reaction, is inhibited by nitric oxide and occurs with benzaldehyde and with the higher aliphatic aldehydes: the other is not inhibited by nitric oxide and is believed by some, for this and other reasons, to depend upon an intei^ial molecular rearrangement. It occurs as the sole type of mechanism with formaldehyde, acetaldehyde, chloral, acetone and methyl ketone, and accompanies the chain reaction with the compounds mentioned above.
The products are in general carbon monoxide and a molecule formed from the two residual radicals, though with acetone large quantities of ketene are formed and undergo secondary decomposition.
The reaction of formaldehyde is of the second order, that of acetone and that of benzaldehyde nearly of the first: acetaldehyde and propaldehyde seem to show a superposition of two or more mechanisms.
The variety and complexity of behaviour, the unsettled differences of opinion about mechanism, and the unexpected contrast recently found between benzaldehyde and acetaldehyde (Smith and Hinshelwood 1940, other references here) provide reasons for filling in an existing gap, namely, the comparison of acetone and acetophenone, by investigating the kinetics of the reaction of the latter.
The experimental method was the same as that used in the recent study of benzaldehyde (Smith and Hinshelwood 1940) .
The kinetics of the thermal decomposition of acetophenone 469
Course of the reaction By analogy with acetone, the intermediate production of ketene might be expected: C6H5COCH3 = C6H6 + CH2 : CO. The amount of ketene was measured by withdrawing samples in a gas pipette, shaking with water and titrating with sodium hydroxide.
Since ketene decomposes at approximately the same rate as aceto phenone at equal concentration, its formation would lead to the building up of a considerable stationary concentration. The amount formed is, however, at all times very small (table 1) , and hence the proportion of acetophenone giving ketene as an intermediate product must also be small. This conclusion is verified by the analyses of the permanent gases (table 2) , in which the percentage of carbon monoxide goes down and not up as the reaction proceeds. Since the proportions of the products change during the course of the reaction there must be some secondary decomposition. From table 2 it can be seen that the ratio CH4/CO tends to a very small value in the initial stages, so that the methane must be formed by the decomposition of the intermediate product. Since this product is not in the permanent gas it must be a benzene compound and is presumably toluene. Separate experi ments have shown that toluene does decompose at this temperature, 605° C (at a rate approximately twice that of acetophenone at equal concentration) to give the same products, methane, hydrogen and ethylene in the proportions 70:19:11, which are nearly the same as those found in the secondary decomposition with acetophenone. Since the ratio CH4/CO extrapolated to the beginning of the reaction is less than one-fifth of the final value, at least four-fifths of the acetophenone must yield toluene as an intermediate product. Hence the predominant course of the reaction seems to be:
This hypothesis is further substantiated by the following observations:
(1) The ratio CH4/CO tends to 1/2 at the end of the reaction.
(2) Carbon is deposited on the walls of the reaction vessel.
(3) The pressure of the final products is 235-240 % of the initial pressure of acetophenone. The defect from the theoretical value of 250% is to be expected from the dead space of the system.
The fraction of high boiling products can be determined by measuring the deviation from Charles's law on cooling. Approximately 2-5% of diphenyl, at the end point, estimated by this method is probably due to a subsequent reaction of the benzene.
The possibility of changes in mechanism in the experimental ranges of temperature and pressure could not be neglected. Hence pressure-time curves for initial pressures of acetophenone from 50 to 150 mm. and for temperatures from 570 to 630° C were compared on adjusted time scales. They were found to be practically superimposable throughout their course so that no change in the nature of the reaction is indicated.
As a secondary decomposition exists, the pressure increase does not give, throughout the course of the reaction, an exact indication of the amount of acetophenone decomposing. For this reason the initial rate of pressure in crease has been used as the standard of rate. Actually, it was found that comparisons made by this standard did not differ much from those based upon the reciprocal of the time for a pressure increase of 25 or 50 % of the initial pressure.
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K inetics
The thermal decomposition of acetophenone is homogeneous at 605° C and is very nearly of the first order (table 3). No evidence for a chain reaction was found. The reaction is neither in hibited nor appreciably accelerated by the addition of nitric oxide (table 4) . No retardation (other than 4 % expected from the relatively increased dead space) was found with a reaction vessel packed with small silica spheres, the much larger surface of which would be expected to break a fraction of any chains, especially at low pressures. Since the reaction is of the first order and not of the 3/2 order, a hypothetical chain mechanism must, as with benzaldehyde, involve the unimolecular decomposition of one of the participating radicals. For example: CH3COC6H5 = C6H5 + CH3CO CH3CO = C H 3 + CO CH3 + CH3COC6H5 = CH3C6H5 + CO + CH3 CH3 + CH3CO = C2H6 + CO The decomposition of benzaldehyde, depending upon rather similar processes, is inhibited by nitric oxide. Such a mechanism, if it existed with acetophenone, would also be expected to suffer inhibition.
The decomposition might involve free radicals, but in a non-cyclic set of reactions, though this does not seem likely since no ethane and little diphenyl were detected in the products. Decomposing diethyl ether, a known source of radicals, was mixed with acetophenone at 555° C; where the latter decomposes very slowly. Table 6 shows that the interaction does not increase the rate of pressure change. Hence, we conclude that methyl radicals, whether they occur free in the normal decomposition or not, could hardly stimulate a chain reaction in the acetophenone. Thus it seems probable that the absence of chains in acetophenone could be explained not only by the lack of initiating radicals but also by the non-existence of a suitable set of recurring reactions.
The contrast in behaviour between acetaldehyde and benzaldehyde is not found with the corresponding pair acetone and acetophenone, neither of which show any evidence of giving a chain reaction. Two differences do, however, appear: acetone gives much more ketene than acetophenone; and the rate-initial pressure curves for the two substances, although both approximating to those of first order reactions, differ in detail. With acetophenone the curve does not become quite parallel to the pressure axis at the higher pressures, as with acetone, nor does it show the same rather rapid fall below 100 mm. These differences would be consistent with the theory of multiple modes of activation (Hinshelwood, Fletcher, Verhoek and Winkler 1934) , though other explanations may exist.
At 605° C and 100 mm. the value of l/p(dp/dt) for acetophenone is 2-Ox 10~3: and for acetone 8-5x 10~3, the difference being accounted for within the limits of accuracy by the change in activation energy. Those aldehyde decompositions which, according to our present view, are chainfree have considerably smaller activation energies than the ketone reactions: the absolute reaction rates are not correspondingly greater. The non exponential term of the Arrhenius equation diminishes steadily from the ketones through benzaldehyde and the higher aliphatic aldehydes to formaldehyde, the trend being explained, according to the view referred to above, by the progressive simplification through this series of the internal activation mechanism governing the reaction. 
